Static bioassays were conducted to determine the relative acute toxicities of some insecticides, herbicides, fungicides, a defoliant, and a molluscicide to the naiads of three species of stonefly, Pteronarcys californica, Pteronarcella badia, and Claassenia sabulosa. Toxic effects were measured by determination of median lethal concn (~~50) for 24-, 48-, and 96-hr exposures, at 15.X Endrin and dieldrin were the most and DDT the least toxic of the chlorinated hydrocarbon insccticidcs tested. Parathion was the most toxic organophosphate insecticide to P. californica naiads, but dmsban was the most toxic to P. badia and C. sabulosa naiads. Trichlorofon (Dipterex) was the least toxic to all three species. P. badia, the species of smallest size, was the species most susceptible to most pcsticidcs, followed in descending order of sensitivity by C. sabulosa and P. californica.
INTBODUCTION
The Plecoptcra are well-represented in North America, and their immatures form an important part of stream ecosystems in this country. Many fishes, especially the trouts, use stonefly naiads as major portions of the diet. The subject of this paper is the amounts of pesticides that kill stonefly nymphs.
Our knowledge of the toxicity of pesticidcs to aquatic insects is currently limited to a few species and a few pesticides. Gaufin, Jensen, and Nelson ( 1961) conducted static bioassays with naiads of three species of stoneflies, Pteronarcys cakifomica Newport, Acroneuria pacifica IIagen, and Claassenia sabulosa Banks. These investigations revealed vast differences among the organic insecticides in toxicities to the three species. As an example, parathion was the most toxic of the insecticides to A. pacifica, with an Lc so of 1 part per billion at 96 hr and DDT was the least toxic to the same species with an LC~~ of 410 parts per billion. Jensen and Gaufin (1964a) made a similar study oE the acute effects of 10 organic insecticides on the same two species. Continuous-flow bioassays were later conducted by Jensen and GauEin (1964b) to determine long-term effects on P. californica and A. pacifica naiads; toxicities of some organic phosphate insecticides to the two species of naiads after 96 hr were essentially the same as measured by static and continuous-flow assays. That study also showed that normal molting was inhibited in concentrations that did not kill the naiads. Bridges and Cope (1965) made static bioassays to determine the relative acute toxicities of similar formulations of pyrethrum and rotenone to P. califomica naiads.
This study was designed to determine the relative acute toxicities of several pcsticidcs to three species of stonefly naiads under static conditions. The species were chosen for the work because they were readily available and easily maintained in the laboratory. The investigation also included work on the relationship between toxicity and animal size.
MATERIALS AND METIIODS
Three common species of stonefly naiads, P. californica, Pteronarcella badia, and C. sabuZosa wcrc collected from two mountain streams near the Fish-Pesticide Research Laboratory, Denver, Colorado. The naiads were transferred from the field to aquaria containing water held at 1%X. Compressed air was introduced through air stones to oxygenate and agitate the 112 water. Several pieces of driftwood were added to the containers to provide food and a place of attachment for the organisms. The naiads were conditioned to the laboratory test situation for a minimum of 48 hr. The body-length ranges of naiads used were: P. californica, 30-35 mm; C. sabulosa, 20-25 mm; and P. badia, 15-20 mm. Reconstituted water for the tests was prepared by adding to 1 liter of deionized water: 30 mg of CaS04, 30 mg of MgSOd, 48 mg of NaHC03, and 2 mg of KCl. Some characteristics of this water were: pII, 7.1; methyl orange alkalinity, 35 ppm; and dissolved oxygen, 7 ppm (approximately the amount in the streams from which the test animals were collected) at beginning of test period, 5 ppm after 24 hr, and 3 ppm after a 96hr exposure.
The tests were conducted in 1.5-gallon (5.7 liter) glass aquaria that contained 4 liters of reconstituted water. The aquaria were placed in a water bath which was thermostatically maintained at 15.5 -c-0.56. The test water was brought to 15.5C and aerated for about 20 min prior to the addition of 10 stonefly naiads to each container. If all naiads were alive and active after 2 hr, serial concentrations of toxicant were added. Preliminary assays wcrc conducted with each pesticide to determine the range of concentrations to use for the LC~~ (median lethal concn)l determinations.
Definitive tests were run at four or five concentrations, plus untreated control, with 10 naiads at each concentration.
The mortality was recorded and the results plotted on logarithmic-probability paper for determination of the LC~~ value for 24-, 48-, and 96-hr intervals. The method of Litchfield and Wilcoxon ( 1948) for evaluating dose-effect experiments was used to determine the confidence limits of the LC~~.
Technical or reference grade pesticides were used when available as indicated in the tables. Stock solutions wcrc made by 1 The LCS~ value expresses the concentration of toxicant in the environment that kills 50% of the organisms exposed to it for a specific period of time.
dissolving the pesticides in ethanol without emulsifying or wetting agents, except that those in the form of emulsifiable concentrates and wettable powders were prepared with distilled water. Some of the least toxic herbicides were added directly to the test water.
Tests were conducted under static conditions, without aeration, and with one introduction of toxicant at the beginning of the test. Adequate dissolved oxygen was considcrcd to be present in the test water throughout the exposure time. Our conclusions on need for oxygen seem to be confirmed by Gaufin's (1962) laboratory studies, which cast some doubt on the supposedly high oxygen requirements of stoneflies. He found that A. pacifica and P. californica naiads could be maintained in water with oxygen concentrations as low as 1 ppm for 7 days at a temperature of 1oc.
Toxicity values reported in this study were accumulated from bioassays conducted over a period of several months. To determine possible changes in resistance in Pteronurcys during holding, and possible differences between groups of naiads collected in the wild, DDT reference tests were made periodically and are recorded in the tables. The most resistant groups tested had LC~~ values only 6% above the average value of 47 ppb; resistant groups had values up to 15% below average. These differences are not significant.
RESULTS

Relative toxicities
The chlorinated hydrocarbon insecticides exhibited a wide range of toxicities against P. californica ( Table 1) . Endrin was the most toxic of all the insecticides tested, producing a 50% mortality at concentrations of 4 ppb after a 24-hr exposure. TDE ( DDD ), the least toxic insecticide, killed 50% of the naiads at 3,000 ppb in 24 hr. Table 1 shows that methylcarbamate insecticides were less toxic than many of the chlorinated hydrocarbons. Their range of toxicity was similar to that of some of the more toxic organophosphate insecti- tides ( Table 2) . Of the carbamates investigated, Bayer 37344 and Baygon were the most toxic. Carbaryl and Zectran, the two least toxic methylcarbamates, compare in toxicity to two chlorinated hydrocarbons, aldrin and methoxychlor, and to the two organophosphates, parathion and malathion.
The effect of botanical insecticides on P. culifornica naiads is also shown in Table 1 . The range of LC~~ values is between 9 and 2,900 ppb. The allethrin and pyrethrum formulations were much more toxic than the rotenone. Bridges and Cope (1965) found that pyrethrum was 141 to 290 times more toxic to stone fly naiads than was rotenone.
Organophosphates were generally less toxic to stonefly naiads than were chlorinated hydrocarbons (Table 2) . Guthion and Bayer 37289 produced the greatest effects and Bidrin the least.
The results of exposing P. californica naiads to various concentrations of herbitides, fungicides, a defoliant, and a molluscicide are shown in Table 3 . These compounds were generally less toxic than the insecticides to stonefly naiads.
The relative order of toxicity for stonefly naiads is very different than those for fish (Cope 19%) and for cladocerans ( Sanders and Cope 1966) . The insecticides endrin and dieldrin were most toxic to fish and stoneflies, but relatively low on the scale for daphnids. DDT, the most toxic chlorinated hydrocarbon insecticide to daphnids, was among the least toxic to stonefly naiads. Length of exposure is also more important with the aquatic invertebrates than with fish.
Toxicity and species As might be expected, fully developed naiads of some stonefly species are more sensitive to certain insecticides than are others. The results of exposing last-instar imma tures of three species (P. californica, P. badia, and C. subulosa) to various con- centrations of chlorinated hydrocarbon and organophosphate insecticides are shown in Table 4 . Among the chlorinated hydrocarbon insecticides tested, endrin and dieldrin were the most toxic and DDT the least toxic to all three species. Parathion was the most toxic organophosphate insecticide tested against P. ca&fornica naiads, while dursban was the most toxic to P. badkz and C. subuZosu naiads. Trichlorofon was the least toxic organophosphate insecticide tested for all three species. P. bud& the smallest-sized stonefly tested, was generally the species most sensitive to pesticide poisons, followed in descending order of sensitivity by C. subulosa (intermediate in size) and P. californica (largest individuals ) . Toxicity and size
During the testing period it appeared that larger, later instar naiads were less susceptible to given concentrations of pesticides than were smaller, early instars of the same species. To verify this, specimens of P. cdifornica were separated into two size (and age) groups: 10-15 mm long and 40-50 mm long. When they were tested, DDT was 7.2 ( 4.&11) times more toxic to the smaller naiads than to the larger ones after 24 hr, 5.6 (3.s9.5) times more toxic at 48 hr, and 9.3 (5.6-15) times more toxic at 96 hr. The same pattern of toxicity and size was observed with lindane, which was 2.4 ( l.ti.8) times more toxic to the smaller naiads than to the larger ones after a 24-hr exposure.
Symptoms of poisoning
The symptoms of pesticide poisoning were essentially the same for all pesticides tested. The only variation in response was the length of time involved. The first indication of pesticide poisoning was irritability, which gradually increased in intensity. This was followed by loss of equilibrium, tremors, convulsions, and death. Similar symptoms of insecticide poisoning were observed by Jensen and Gaufin (lQ64a) with P. c&fur&a. After a Q&hr pesticide exposure in our experiments, and prior to death, the alimentary canal of C. subdosa was everted through the mouth; this did 
DISCWSSION
Bioassays conducted under static conditions indicate that toxicity levels were influenced by the developmental stages, the nature of the toxicant, and the size and age of the animal.
Since we have shown that size (or age) of stonefly naiads of the same species influences susceptibility to pesticides, and that the species of smallest size was the most susceptible, the view might be taken that our results are based on size rather than specific differences.
On the other hand, since we tested equivalent developmental stages (last instar) for comparisons among the three species, and since the size attained in its last aquatic stage is a characteristic of each species, we did, in that sense, show differences among species. Although it would be possible to find earlyinstar P. caZ~@r&u naiads of the same size as last-instar naiads of P. bad&z, one could not find P. balia immatures as large as last&star naiads of P. californica.
The differences between the toxicity values shown in Tables 1 and 2 , and the higher ones reported by Jensen and Gaufin ( 1964a) for P. califodcu, may reflect differences in testing methods. Their results were obtained from bioassays in which the solutions were artificially aerated during the entire exposure period; ours were not aerated. Aeration tends to reduce toxicant concentration in the test medium, so our results would not be expected to agree exactly with those of Jensen and Gaufin.
Another factor probably contributing to the difference in results obtained in the two studies was size and age of naiads. The P. cdifornicu naiads used by Jensen and Gaufin varied in size from 40-60 mm.
In our tests, the same species ranged from 36-35 mm. Our results show that resistance to DDT is greater in larger naiads than in smaller ones.
Also, Jensen and Gaufin used e-gallon (7.5 liter) aquaria that contained 3 liters of test water obtained from a local mountain stream and controlled water tempcratures between l&5-11,7C.
In our study, the tests were conducted in M-gallon (5.7 liter) glass aquaria containing 4 liters of reconstituted water, with water tempcraturcs maintained between 1%16,.lC.
Although actual values obtained in the two studies differ, the insecticides compared tend to follow the same order of toxicity. Both studies found cndrin to be the most toxic to P. caZifornica naiads, dicldrin second, aldrin third, and DDT the least toxic. The toxicities of organophosphatc insecticides to P. californica naiads also follow the same order of relative toxicity in the two studies.
